Introduction
There is a well-established association between high mammographic density and risk of breast cancer. We recently observed, somewhat to our surprise, a strong inverse association between the nondense area on a mammogram and risk of breast cancer [1] . In this article, we briefly discuss this finding in the context of previous studies of mammographic density and breast cancer risk, as well as in context of prior findings of the association between excess body weight and breast cancer risk. We suggest that the notion that breast fat plays a protective role in breast carcinogenesis, at least during the premenopausal years, should be considered.
Mammographic density and breast cancer risk
Fibroglandular breast tissue is radiographically dense whereas adipose tissue is nondense. Mammographic density is commonly expressed as the percentage dense area. That is, the dense area divided by the total area on a mammogram (the dense area plus the nondense area). Compared to women with little or no dense area, women with [75 % dense area are at a [fourfold greater risk of breast cancer [2, 3] . The biological mechanisms underlying this strong association are unknown, though it seems likely that the association can be explained at least partly by a positive correlation between percentage dense area and volume of fibroglandular tissue ''at risk'' of developing breast cancer [4] .
The absolute dense area on a mammogram is positively associated with breast cancer risk, in line with the notion that a greater volume of fibroglandular tissue is associated with a higher risk of breast cancer. Percentage dense area, however, appears to be an even stronger risk factor for breast cancer than absolute dense area in a number of studies [1] . At least two different, but not mutually exclusive, mechanisms can explain these observations. First, the percentage dense area is associated with breast cancer risk because it most accurately reflects the biological entity/mechanisms underlying the association between mammographic density and breast cancer risk. Second, the absolute dense area is associated with an increased risk of breast cancer, whereas the absolute nondense area is associated with a decreased risk of breast cancer. In other words, percentage dense area is an as strong, or perhaps even stronger, risk factor for breast cancer than absolute dense area because it contains information on both the dense and the nondense area (i.e., the fibroglandular and fatty tissues).
Stuedal et al. [5] observed that the positive association between absolute dense area and breast cancer risk diminishes with increasing total mammographic area, a proxy for breast size. The authors proposed several explanations for their findings, including that breast fat have a direct beneficial effect on breast cancer risk. In a large case-control study, we observed that higher absolute dense area was associated with an increased risk of breast cancer independently of the absolute nondense area (OR tertile 3 vs 1 = 2.01, 95 % CI = 1.45-2.77 among premenopausal women; OR quintile 5 vs 1 = 2.19, 95 % CI = 1.65-2.89 among postmenopausal women), whereas higher absolute nondense area was associated with a decreased risk of breast cancer independently of the absolute dense area (OR tertile 3 vs 1 = 0.51, 95 % CI = 0.36-0.72 among premenopausal women; OR quintile 5 vs 1 = 0.46, 95 % CI = 0.34-0.62 among postmenopausal women) [1] . Since adipose tissue is radiographically nondense, these results are in line with the hypothesis that breast fat protects against breast cancer. This association needs to be confirmed, however, as results from the few other studies that have assessed the association between absolute nondense area and breast cancer risk are mixed [6] [7] [8] .
Body mass index and breast cancer risk
High body mass index (BMI; kg/m 2 ) is associated with an increased risk of postmenopausal breast cancer [9] . This association is largely explained by higher levels of estrogens in overweight or obese compared to normal weight postmenopausal women [10] , because of aromatization of androgens to estrogens in peripheral adipose tissue. In premenopausal women, in contrast, high BMI is associated with a decreased risk of breast cancer [9] . This association is unexplained. In a review on the topic, Rose and VonaDavis [11] write: ''in summary, there seems to be no doubt that obesity is associated with a reduction in premenopausal breast cancer risk, but the responsible mechanisms are unclear and the evidence from endocrine studies is inconsistent if not frankly contradictory''.
Higher BMI is associated with higher amounts of breast fat. A straightforward explanation to the decreased risk of breast cancer observed among premenopausal women with higher BMI is therefore that breast fat protects against breast cancer. If this hypothesis is correct, however, the question remains why higher BMI is associated with an increased risk of postmenopausal breast cancer? A possible explanation to this contradiction is that the adverse effect of higher BMI on breast cancer risk in postmenopausal women, mediated through higher levels of estrogens, outweighs the protective effect of increased amounts of breast fat.
Mammographic density, body mass index, and breast cancer risk
Higher BMI is associated with lower percentage dense area because the amount of breast fat/the nondense area increases with BMI. If higher amounts of breast fat protects against breast cancer, two findings are expected when the association between BMI and breast cancer risk is adjusted for the percentage dense area (Fig. 1) . The decreased risk of premenopausal breast cancer should disappear, or even turn into an increased risk, and the increased risk of postmenopausal breast cancer should get stronger. Two large case-control studies assessing the association between BMI and breast cancer risk adjusted for the percentage dense area have reported findings for premenopausal and/or postmenopausal breast cancer in line with these expectations [12, 13] .
How can breast fat protect against breast cancer?
In short, the breast microenvironment in fatty compared to dense breasts may promote normal mammary gland development and homeostasis, and hinder breast cancer development.
The adipose rich stromal environment in which the epithelial cells reside, the so called mammary fat pad, plays an important role in normal mammary gland development and function, and potentially in breast carcinogenesis [14] . For example, the mammary fat pad is a source of several proteins with cancer relevant properties, including insulin-like growth factor 1 (IGF-1), leptin and adiponectin. Breast adipose tissue may also store and bioactivate vitamin D, which in its bioactive form has anti-carcinogenic effects [15] . It is also quite plausible that higher amounts of breast fat increase Fig. 1 A hypothesized directed acyclic graph (DAG) of the association between BMI and breast cancer. a In postmenopausal women, the positive association between BMI and breast cancer risk is mediated primarily through increased amounts of estrogens. b In premenopausal women, the inverse association between BMI and breast cancer risk is mediated primarily through protective effects of higher amounts of breast adipose tissue breast cancer risk [16] , for example through high local estrogen production, but the role of breast fat in breast carcinogenesis has not been adequately investigated. There is thus insufficient data to draw firm conclusions of the net endocrine effect of high amounts of breast fat on breast carcinogenesis, and there is no strong evidence against the hypothesis that it is beneficial.
Increasing data suggest that extracellular matrix and tissue stiffness may initiate or promote breast cancer development [17] [18] [19] [20] . For example, mammary epithelial cells cultured in stiff matrices show a phenotype and gene expression profile consistent with malignant transformation [18, 19] . Indeed, several research groups have proposed that extracellular matrix and tissue stiffness, or quantitative or structural changes of the stromal collagen such as crosslinking, may partly explain the association between mammographic density and breast cancer risk [19, 21, 22] . If correct, increased amount of breast fat may directly or indirectly affect extracellular matrix and tissue stiffness, or the amount or structure of the stromal collagen, and thereby impact breast cancer risk. Lastly, breast tissue concentrations, or fluctuations in concentrations, of carcinogenic agents, including endogenous hormones and growth-factors, may be lower in fatty compared to dense breasts.
Conclusion
The percentage dense area on a mammogram, which is inversely related to BMI, is a strong risk factor for both premenopausal and postmenopausal breast cancer. High BMI is associated with an increased risk of postmenopausal breast cancer, but a decreased risk of premenopausal breast cancer. A possible explanation of these unexplained observations is that higher amounts of breast fat-via effects on normal mammary gland development, the breasts' endocrine milieu, stromal collagen and mechanical properties, or tissue concentrations of carcinogenic agents-have a protective role on breast carcinogenesis. We suggest that the notion that breast fat plays a protective role in breast carcinogenesis, at least during the premenopausal years, should be considered when investigating the etiology and carcinogenesis of breast cancer.
